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(57) ABSTRACT

A method and apparatus are provided for coding or decoding
an 1mage comprising macro-blocks which are distributed 1n
lines and columns. The processing of at least one given
macro-block requires the pre-processing of at least one other
macro-block on which said dependent macro-block depends.
Moreover, the macro-blocks are processed sequentially line
by line or column by column. Processing of the macro-blocks
1s multithreaded over N processors, N=2. The image 1s sepa-
rated into N vertical bands each comprising a plurality of lines
and at least one column of macro-blocks 11 the macro-block 1s
processed sequentially line by line, or into N horizontal bands
cach comprising a plurality of columns and at least one line of
macro-blocks if the macro-block 1s processed sequentially
column by column. One of the N bands 1s processed by each
processor, and the processing operations performed by the N
processors 15 synchronized.
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IMAGE CODING OR DECODING DEVICE
AND METHOD INVOLVING
MULITITHREADING OF PROCESSING
OPERATIONS OVER A PLURALITY OF
PROCESSORS, AND CORRESPONDING
COMPUTER PROGRAM AND
SYNCHRONISATION SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

This Application 1s a Section 371 National Stage Applica-
tion of International Application No. PCT/FR2004/001106,
filed May 6, 2004 and published as WO 2004/1003557 A2 on

Nov. 18, 2004, not in English.

FIELD

This disclosure relates to the coding/decoding of digital
1mages.

BACKGROUND

Typically, a digital image includes macroblocks distributed
in lies and columns. Each line (or horizontal row) of the
image mcludes, for example, macroblocks of 16x16 pixels.
Conventionally, a macroblock 1s organised into four luma
blocks and two, four or eight chroma blocks according to the
type of sampling.

Traditionally, the coding or decoding of an 1image 1nvolves
processing all of 1ts macroblocks, sequentially, line by line,
from left to right over a single line, and from top to bottom
from one line to the next.

An embodiment of the invention applies 1n particular, but
not exclusively, to the coding or decoding of a video sequence
formed by a series of 1images. In this case, the coding or
decoding technique 1s implemented 1n a video compression or
decompression algorithm. It 1s thus consistent with a com-
pression/decompression standard such as (thus list 1s not
exhaustive):

the H.263 standard, defined 1n the standardisation docu-
ment as “['TU-T H.263;

the H.263+ standard, defined in the standardisation docu-
ment as “['TU-T H.263+4;

the H.264 standard (also referred to as H.26L. or MPEG-4
AV(C): defined 1n the standardisation document as “ISO
MPEG-4 Part 107;

the MPEG-4 Video standard: defined 1n the standardisation
document as “ISO MPEG-4 Part 2”.

It 1s, however, clear that an embodiment of the invention
also applies to the coding or decoding of a fixed 1image.

An embodiment of the mvention can also apply wherever
there 1s a spatial dependence context for the processing of
macroblocks of an 1image. In other words, 1t 1s assumed that to
process each macroblock of the 1 Image, 1t 1s necessary to know
the result of the previous processing of other macroblocks of
the same 1mage.

Such a spatial dependence context exists 1n particular, but
not exclusively, 1n the methods for coding or decoding con-
sistent with the aforementioned compression/decompression
standards based on a motion estimation. FIG. 1 shows the
spatial dependence context as defined in these standards. To
process a given macroblock MB, 1t 1s necessary to know the
result of the processing of the left macroblock (MB ;), that of
the upper macroblock (MB ;) and that of the right macroblock
(MB,).
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The processing of all of the macroblocks of an 1mage by a
single processor does not appear to be optimal 1n terms of
computing time.

In addition, a multithreading technique 1s known, which
involves optimally distributing (i1.e. multithreading) the com-
puting loads for processing over a plurality of available pro-
CEeSSOrs.

This known technique 1s used 1n the field of video com-
pression, according to either a general approach or a narrow
approach.

The general approach includes distributing macro-tasks
over each of the processors. For example, 1t 1s assumed that
the coding of an 1mage requires three tasks A, B and C to be
executed which must be ordered as follows: A, then B, then C.
It can then be 1magined that to best distribute the tasks A, B
and C over two processors, two threads T1 and T2 are created,
with T1 managing only tasks A ad B and T2 managing only
task C. This multithreading can be carried out only 11 T1 can
work onimage N while T2 works oni1mage N-1, with N being
the number of the 1image of a video sequence. It can be seen
that this distribution 1s optimal only 11 the load used by tasks
A and B 1s substantially equivalent to that used by task C
(1sodistribution of loads between processors).

A disadvantage of the multithreading technique according
to the general approach 1s that the 1sodistribution of the loads
between processors 1s almost never verified 1n practice. In
other words, 1t 1s very difficult, and even impossible in some
cases, to find a perfect balance by separating entire tasks from
one another.

Another disadvantage of the multithreading technique
according to the general approach 1s that it requires a specific
implementation of the calling program, with the use of a
stacking mechanism.

Yet another disadvantage of the multithreading technique
according to the general approach 1s that 1t cannot be applied
in the case of a spatial dependence context as described
above.

The narrow approach includes separating each task into as
many basic tasks as can be executed simultaneously by a
plurality of processors, when possible. For example, 1n the
field of video compression or 1mage compression (with the
alforementioned conventional sequential processing order:
line by line, from lett to right over the same line, and from top
to bottom from one line to the next), the 1mage can be sepa-
rated into N horizontal bands and have each of them pro-
cessed by one of N processors. In this case, 1t 1s not necessary
for the different threads to be mutually synchronised. They
must simply inform a main thread when they have completed
their processing. This provides a very balanced distribution of
loads between processors.

However, a major disadvantage of the multithreading tech-
nique according to the narrow approach 1s that 1t cannot be
applied 1n the case of a spatial dependence context as
described above. Indeed, 1n this context, each first line of a
given horizontal band (lower band) of the image cannot be
processed as long as the last line of the horizontal band
located above (upper band) has not been processed. The pro-
cessors could therefore only act 1n series and not simulta-
neously, which counteracts any benefit of the use of this
technique in this context.

SUMMARY

An embodiment of the invention provides a method and a
device for coding or decoding enabling the computing time to
be optimised while being capable of being implemented 1n a
spatial dependence context as described above.
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Another embodiment of the invention provides such a
method and device that can be implemented independently of
any hardware or software.

For example, one embodiment of the invention provides a
method for coding or decoding an 1image 1including macrob-
locks distributed 1n lines and columns, the processing of at
least one given macroblock, referred to as a dependent mac-
roblock, requiring the prior processing of at least one other
macroblock on which said dependent macroblock depends, in
which the processing of the macroblocks 1s performed
sequentially line by line or column by column. According to
this embodiment, the method 1ncludes a step of multithread-
ing the processing of the macroblocks over N processors,
with N=2, including the following steps:

separation of the image:

into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 1 the pro-
cessing of macroblocks 1s performed sequentially line
by line;

into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, 1if the

processing of macroblocks 1s performed sequentially
column by column;

processing by each processor of one of the N bands;

synchronisation of the processing operations carried out by
the N processors.

An embodiment of the invention therefore performs mul-
tithreading according to the narrow approach, but by separat-
ing the image into perpendicular (and not parallel) bands 1n
the direction of sequential processing of the macroblocks.
This makes 1t possible to obtain an optimal load distribution
between processors.

In other words, 1f the processing of macroblocks 1s per-
tformed sequentially line by line (classical case of a sequential
processing direction that i1s horizontal, along a line), the
image 1s separated into vertical bands. If, on the other hand,
the processing of macroblocks 1s performed sequentially col-
umn by column (an unusual case today, but possible 1n the
tuture for a sequential processing direction that 1s vertical,
along a column), the image 1s separated into horizontal bands.

The synchronisation of processing operations carried out
by the N processors enables the implementation of the gen-
eral principle mentioned above 1n a spatial dependence con-
text. Indeed, this synchronisation makes 1t possible to prevent
a processor from attempting to process a given macroblock
when other macroblocks on which this given macroblock 1s
dependent have not yet been processed.

It should be noted that this embodiment can be 1mple-
mented with any number of processors (for example, two,
four, eight, . . . ).

The synchronisation of the processing operations carried

out by the n processors preferably includes, for each proces-
sor of each pair of processors processing two adjacent bands,

of:

informing the other processor of said pair about each com-
pleted processing of amacroblock on which a dependent
macroblock included in the band processed by said other
processor depends;

verilying, before processing a dependent macroblock, that
said at least one other macroblock on which the depen-
dent macroblock depends has previously been processed
by said processor or said other processor.

Thus, the processors exchange synchromisation signals
(system messages) by informing one another of the macrob-
locks that they have processed.
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Said image advantageously belongs to the group including:
video sequence 1images formed by a series of 1mages; fixed
1mages.

In an advantageous embodiment of the invention, the pro-
cessing of macroblocks 1s performed sequentially line by line,
from left to right over the same line and from top to bottom
from one line to the next.

The processing of each dependent macroblock advanta-
geously requires the prior processing, when 1t exists, of at
least the macroblock located to the left of said dependent
macroblock. Moreover, 1n each pair of processors processing
two adjacent vertical bands, the processor that processes the
left vertical band informs the other processor of each com-
pleted processing of the macroblock of the rnight end of one of
the lines of macroblocks of said left vertical band.

According to an advantageous feature, the processing of
cach dependent macroblock requires the prior processing,
when 1t exists, of at least the macroblock located above and to
the right of said dependent macroblock. In addition, 1n each
pair of processors that process two adjacent vertical bands,
the processor that processes the right vertical band informs
the other processor of each completed processing of the mac-
roblock of the left end of one of the lines of macroblocks of
said right vertical band.

It should be noted that this feature (information on the
completed processing of the left macroblock (MB ;) of a line
of the right vertical band) can be combined with the previous
(information on the completed processing of the right mac-
roblock (MB,) of a line of the left vertical band). The
embodiment thus provides an optimal solution to the classical
spatial dependence context (see discussion above, 1n relation
to FIG. 1). It should be noted that the completed processing of
the upper macroblock (MB,,) requires no synchronisation
information since 1t 1s included 1n the same vertical band as
the macroblock (MB) dependent on 1t (and the left and right
macroblocks (MB ., MB,,).

The coding or decoding 1s advantageously consistent with
a standard belonging to the group including: H.263, H.263+,
H264 and MPEG-4 Video.

This list 1s not exhaustive.

Another embodiment of the invention relates to a computer
program including program code instructions for carrying out
the steps of the atorementioned method, when said program 1s
run on a computer.

An embodiment also relates to a device for coding or
decoding an 1image including macroblocks distributed in lines
and columns, the processing of at least one given macroblock,
referred to as a dependent macroblock, requiring the prior
processing of at least one other macroblock on which said
dependent macroblock depends, 1n which the processing of
the macroblocks 1s performed sequentially line by line or
column by column, with said device including N processors,
with N=2, and means for multithreading the processing of
macroblocks over said N processors, which means for multi-
threading the processing include:

means for separating the 1mage:

into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 1f the pro-
cessing of macroblocks 1s performed sequentially line
by line;

into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, if the
processing ol macroblocks 1s performed sequentially
column by column;

in each processor, means for processing one of the N bands;

means for synchronising the processing operations per-

formed by the N processors.




US 7,885,334 B2

S

An embodiment also relates to a synchronisation signal
transmitted from a first to a second processor of a pair of
processors that process two adjacent bands of an 1mage,
wherein said image includes macroblocks distributed 1n lines
and columns and being separated:
into N vertical bands each including a plurality of lines and
at least one column of macroblocks, 11 the processing of
macroblocks 1s performed sequentially line by line;

into N horizontal bands each including a plurality of col-
umns and at least one line of macroblocks, 1f the pro-
cessing of macroblocks 1s performed sequentially col-
umn by column;

the processing of at least one given macroblock, referred to as
a dependent macroblock, requiring the prior processing of at
least one other macroblock on which said dependent macrob-
lock depends,

said first and second processors belonging to a set of N pro-
cessors each simultaneously processing one of the bands of
the 1mage, 1n order to code or decode the 1image,

said synchronisation signal including information by way of
which said first processor informs the second processor of the
completed processing by the first processor of a macroblock
on which a dependent macroblock included 1n the band pro-
cessed by the second processor depends,

so that the second processor can verily, before processing
said dependent macroblock, that said at least one other mac-
roblock on which the dependent macroblock depends has
previously been processed by the first processor.

Other features and advantages of embodiments of the
invention will appear 1n the following description of a pre-
ferred embodiment of the invention, given as an indicative
and non-limiting example, and appended drawings. However,
embodiments of the invention are not limited to these features
and advantages or required to include such features or advan-
tages.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the classical spatial dependence context for
the processing of a macroblock of an 1mage;

FIG. 2 shows an example of an image separated mto two
vertical bands, showing a specific embodiment of the mven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the invention relates to a method for
coding or decoding an 1image 1including a step of multithread-
ing the processing of macroblocks over N processors.

Inthe description below, 1t 1s assumed that, as usual accord-
ing to an embodiment of the mvention, the processing of
macroblocks 1s performed sequentially line by line, from left
to right over the same line and from top to bottom from one
line to the next. However, it i1s clear, as already indicated
above, that one or more embodiments of this invention can
also be applied to the case (which 1s uncommon today) 1n
which the processing of macroblocks 1s carried out sequen-
tially column by column.

It 1s also assumed, 1n an embodiment of the invention, that
the 1image to which the method 1s applied 1s 1included in a
video sequence and that the method 1s consistent with one of
the following compression/decompression standards: H.263,
H.263+, H.264, MPEG-4 Video, etc. It 1s therefore assumed

that the processing of the macroblocks of an image 1s carried
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6

out i the spatial dependence context shown in FIG. 1 and
already discussed above. For the record, the processing of a
given macroblock MB requires the knowledge of the result of
the processing of the macroblock located to the left (MB ),
that located above (MB ;) and that located to the right (MB ,,).

The method according to an embodiment of the invention,
in view of the aforementioned hypotheses, includes, but is not
limited to:

separating the image mto N vertical bands each including a

plurality of lines and at least one column of macrob-
locks:

assigning the processing ol each of these N bands to a

distinct processor;
synchronising the processing operations carried out by the
N processors, to prevent a processor from attempting to
access (needing to process a macroblock of the vertical
band that 1s processing) another macroblock (of another
vertical band processed by another processor) which
would not yet have been processed.
A specific embodiment of the method according to the
invention will now be described in detail, with reference to
FIG. 2.
FIG. 2 shows, as an example, an image 20 including 6 lines
and 16 columns. FEach line therefore includes 16 macrob-
locks. For the only three first lines (for the sake of simplifi-
cation), the number of the macroblock has been inserted into
cach box representing a macroblock. The first line includes
macroblocks MB0 to MB15, the second includes macrob-
locks MB16 to MB31, and so on.
In this example, the 1image 1s separated into four vertical
bands (N=4) of equal width (four macroblocks) hereimnafter
referred to as bands B1 to B4 (with the bands being numbered
from left to right). Therefore, four processors are used to
process each of these four vertical bands. These four proces-
sors are hereinaiter referred to as P1 to P4 (with the number of
the processors corresponding to the number of the bands that
they process).
The operation of the method according to an embodiment
of the imvention can be summarised as follows:
the processor P1 starts and processes (1.e. computes the
data on) the macroblocks MB0, MB1, MB2 and MB3;

when macroblock MB3 has been processed Processor Pl
informs processor P2 of it with a synchronisation mes-
sage, 1.e. 1t indicates to processor P2 that the latter can
start and process macroblock MB4. Indeed, macroblock
MB3 1s the macroblock to the left MB ; of macroblock
MB4;

processors P1 and P2 simultaneously perform processing
operations: processor P1 processes macroblocks MB16,
MB17 and MB18, and processor P2 processes macrob-
locks MB4, MBS, MB6 and MB7;

when macroblock MB4 has been processed, processor P2

informs processor P1 of 1t with a synchronisation mes-
sage;

when processor P1 1s ready to process macroblock MB19,

it verifies that macroblock MB4 has been processed by
processor P2. Indeed, macroblock MB4 1s the macrob-
lock above and to the right MB ,, of macroblock MB19.
In addition, processor P1 has already processed the left
macroblock MB . (in this case MB18) and the macrob-
lock MB,, (1n this case MB3) above macroblock MB4. If
macroblock MB4 has been processed by processor P2,
processor P1 processes macroblock MB19;

when macroblock MB19 has been processed, processor P1

informs processor P2 of 1t with a synchronisation mes-
sage, 1.¢. 1t indicates to processor P2 that the latter can
start the second line of the vertical band B2 and process
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macroblock MB20. Indeed, macroblock MB19 1s the
macroblock to the left MB . of macroblock MB20. In
addition, processor P2 has already processed the above
macroblock MB,, (in this case MB4) and the macrob-
lock above and to the nght MB, (1n this case MBS) of
macroblock MB20:
when macroblock MB7 has been processed, processor P2
informs processor P3 of 1t with a synchronisation mes-
sage, 1.¢. 1t indicates to processor P3 that the latter can
start and process macroblock MB8. Indeed, macroblock
MB7 1s the macroblock to the left MB ., of macroblock
MBS;

processors P1, P2 and P3 simultaneously perform process-
ing operations: processor P1 processes macroblocks
MB31, MB32 and MB33, and processor P2 processes
macroblocks MB20, MB21 and MB22, and processor
P3 processes macroblocks MBS, MB9, MB10 and
MB11;

and so on until all of the macroblocks of all of the vertical
bands B1 to B4 have been processed by processors P1 to
P4.

In general, the principle of synchronising the processing
operations carried out by the processors 1s based on the use of
synchronisation messages (system messages). In the example
above, there are three synchronisation points (one between
cach pair of processors (Pk, Pk+1) processing two adjacent
vertical bands): one between processors P1 and P2, one
between processors P2 and P3 and one between processors P3
and P4. Two types of conditions correspond to each synchro-
nisation point:

at each end of line of row 1+1 of the band Bk (which

corresponds to a quarter of a line of an 1mage), the
processor Pk must ensure that the condition “first mac-
roblock of the line of row 1 of the band Bk+1 (which also
corresponds to a quarter of a line of an 1mage) has been
processed” has been satisfied by the processor Pk+1. For
example, at the end of the second line of band B1 (for the
processing ol macroblock MB19), processor P1 must
ensure that the condition “first macroblock MB4 of the
first line of band B2 has been processed” has been sat-
isfied by processor P2;

at each start of line of row 1 of the band Bk+1, the processor

Pk+1 must ensure that the condition “last macroblock of
the line of row 1 of the band Bk+1 has been processed”
has been satisfied by the processor Pk. For example, at
the beginning of the first line of band B2 (for the pro-
cessing of macroblock MB4), processor P2 must ensure
that the condition “last macroblock MB3 of the first line
of band B1 has been processed” has been satisfied by
processor P1.

The mvention claimed 1s:
1. Method for coding or decoding an image including
macroblocks distributed 1n lines and columns, comprising:

processing of the macroblocks sequentially line by line or
column by column, wherein the processing of at least
one given macroblock, referred to as a dependent mac-
roblock, requires prior processing of at least one other
macroblock on which said dependent macroblock
depends; and

multithreading the processing of the macroblocks over N
processors, with N=2, including the following steps:

separation of the image:

into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 1 the pro-
cessing of macroblocks is performed sequentially line
by line;
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into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, 1if the
processing ol macroblocks 1s performed sequentially
column by column;

processing by each processor of one of the N bands; and

synchronisation of the processing operations carried out by
the N processors.

2. Method according to claim 1, wherein the synchronisa-
tion of the processing operations carried out by the N proces-
sors comprises, for each processor of each pair of processors
that process two adjacent bands:

informing the other processor of said pair about each com-
pleted processing of amacroblock on which a dependent
macroblock included 1n the band processed by said other
processor depends; and

verilying, before processing a dependent macroblock, that
said at least one other macroblock on which the depen-
dent macroblock depends has previously been processed
by said processor or said other processor.

3. Method according to claam 1, wherein said 1mage
belongs to the group including:

video sequence 1mages formed by a series of images; and
fixed 1mages.

4. Method according to claim 1, wherein the processing of
the macroblocks 1s carried out sequentially, line by line, from
lett to right over the same line and from top to bottom from
one line to the next.

5. Method according to claim 4, wherein the processing of
cach dependent macroblock requires the prior processing,
when 1t exists, of at least the macroblock located to the left of
said dependent macroblock, and wherein, 1 each pair of
processors that process two adjacent vertical bands, the pro-
cessor that processes the left vertical band informs the other
processor o each completed processing of the macroblock of
the right end of one of the lines of macroblocks of said left
vertical band.

6. Method according to claim 4, wherein the processing of
cach dependent macroblock requires the prior processing,
when 1t exists, of at least the macroblock located above and to
the right of said dependent macroblock, and wherein, 1n each
pair of processors that process two adjacent vertical bands,
the processor that processes the right vertical band informs
the other processor of each completed processing of the mac-
roblock of the left end of one of the lines of macroblocks of
said right vertical band.

7. Method according to claim 1, wherein the coding or
decoding 1s consistent with a standard belonging to the group

including: H.263, H.263+, H264 and MPEG-4 Video.

8. A non-transitory computer readable medium containing,
a computer program, comprising program code instructions
to implement a method, when said program 1s run on a com-
puter, for coding or decoding an 1image including macrob-
locks distributed 1n lines and columns, the method compris-
ng:

processing the macroblocks sequentially line by line or
column by column, wherein the processing of at least
one given macroblock, referred to as a dependent mac-
roblock, requires prior processing of at least one other

macroblock on which said dependent macroblock
depends; and

multithreading the processing of the macroblocks over N
processors, with N=2, including the following steps:

separation of the image:

into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 11 the pro-
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cessing of macroblocks 1s performed sequentially line
by line;

into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, 1f the
processing ol macroblocks 1s performed sequentially 5
column by column;
processing by each processor of one of the N bands; and
synchronisation of the processing operations carried out by
the N processors.
9. Device for coding or decoding an image including mac- 10
roblocks distributed in lines and columns-wherein said device
COmMprises:
N processors, with N=2, which process the macroblocks,
wherein processing of at least one given macroblock,
referred to as a dependent macroblock, requires prior 15
processing of at least one other macroblock on which
said dependent macroblock depends, wherein the pro-
cessing ol the macroblocks 1s performed sequentially
line by line or column by column; and
means for multithreading the processing of macroblocks 20
over said N processors, which means for multithreading
the processing include:
means for separating the 1mage:
into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 1f the pro- 25
cessing of macroblocks 1s performed sequentially line
by line; and

into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, 1if the
processing ol macroblocks 1s performed sequentially 30
column by column;

in each processor, means for processing one of the N bands;
and

means for synchronising the processing operations per-
formed by the N processors.

10

10. A method comprising;:
generating a synchronisation signal to be transmitted from

a first to a second processor of a pair of processors that

process two adjacent bands of an image, wherein said

image includes macroblocks distributed 1n lines and col-

umuns and 1s separated:

into N vertical bands each including a plurality of lines
and at least one column of macroblocks, 11 the pro-
cessing of macroblocks i1s performed sequentially line
by line; or

into N horizontal bands each including a plurality of
columns and at least one line of macroblocks, 1if the
processing of macroblocks 1s performed sequentially
column by column;

wherein processing of at least one given macroblock,

referred to as a dependent macroblock, requires prior
processing of at least one other macroblock on which
said dependent macroblock depends, said first and sec-
ond processors belonging to a set of N processors each
simultaneously processing one of the bands of the
image, 1n order to code or decode the image;

including into said synchronisation signal information by

way ol which said first processor informs the second
processor of the completed processing by the first pro-
cessor ol a macroblock on which a dependent macrob-
lock included i the band processed by the second pro-
cessor depends, so that the second processor can verily,
betfore processing said dependent macroblock, that said
at least one other macroblock on which the dependent
macroblock depends has previously been processed by
the first processor; and

transmitting the synchronization signal from the first pro-

cessor to the second processor.
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